Over the last decade, Turkish electricity demand has increased more than 8% per annum as a result of economic development. Being one of the renewable energy sources par excellence, non-exhaustible, non-polluting and economically more attractive than other renewable sources, hydropower has turned out to be an important contributor to the future energy mix of the country. This paper deals with hydropower policies to meet increasing electricity demand for sustainable energy development in Turkey. Turkey has a total gross hydropower potential of 433 TWh/year and 140 TWh/year of this capacity can be used economically, corresponding to the second largest economic potential in Europe. Currently only 35% of economic hydro potential of the country is utilized. After completion of hydropower plants under construction, this figure will increase to 49%. It is obvious that even after the construction of all projects there will still be a huge hydro potential in Turkey. Besides, Turkey is a poor country in terms of fossil fuels (oil, natural gas, coal and so on) and has no nuclear power plant in operation, which strengthens the role of hydro energy among other alternatives.
Introduction
Approximately 70% of the Earth's surface is covered with water, a resource that has been exploited for many centuries. Actually, water manipulation dates from the dawn of civilization. Mesopotamians built dams and irrigation canals at least 8000 years ago and town water supply systems operated from 3000 BC in Jordan. Ancient water systems and dams have been found in Asia and South America. Humans began to capture energy from flowing water using wheels with buckets to lift water in ancient Egypt and Sumeria. In 1832, Benoit Fourneyron had developed a water turbine to capture the potential energy of falling water, far more useful than flow-dependent waterwheels. Then, modern dams began to spread to the developing world [1] .
Hydro energy is obtained by allowing water to fall on a turbine to turn a shaft. Electricity is produced from the kinetic energy of falling water. The water in rivers and streams can be captured and turned into hydroelectric power, also called hydropower. Hydropower is inexpensive, and like many other renewable energy sources (RES), it does not produce air pollution.
Hydropower is also certainly the largest and most mature application of renewable technologies. In 2007, it was worldwide responsible for 3,078 terawatt-hours (TWh) of electricity output, which means about 15.5% of the world's entire electricity demand came from hydropower installations. Hydropower is critically important for many countries; it produces more than 50% of electricity for more than 60 countries. In 2007, the largest hydropower generating countries were China (485 TWh), Brazil (374 TWh) and Canada (368 TWh). Other big hydropower producers are United States, Russia and Norway. Table 1 provides worldwide hydropower output in 2007 by countries [2] . 
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Turkey has a gross annual hydro potential of 433 TWh, corresponding to 13.7% of the total hydropower capacity in Europe (see Table 2 ). Almost half of the gross potential is technically exploitable and 32.3% (140 TWh/year) is economically usable. Currently, 25.6% (35.8 TWh)
of this economically-feasible hydropower energy potential is being generated annually by 172 hydroelectric power plants with a total installed capacity of 13,700 MW. Current hydropower generation capacity accounts for 32.8% of the nation's total installed capacity [3] . The focus of this article will be on the analysis of Turkish hydropower utilization and policy.
The paper is organized as follows. The next section provides an overview of current energy profile of Turkey. Section three focuses on hydropower utilization in Turkey. A brief account of economics of hydropower is presented in section four, followed by a section on advantages and disadvantages of hydropower development. Section six evaluates Turkish hydropower policy so far. The last section concludes with some policy suggestions.
Current energy profile of Turkey
Similar to balance sheet of a company, every country has an energy balance Turkey has not utilized nuclear energy yet. Tenders to build nuclear power plants were cancelled several times because of resistance by environmentalists and potentially high operating costs. The current government plans to have a nuclear power plant with a capacity of 1,800 MW at the Black Sea port of Sinop. The plant is scheduled to become operational in 2014, but the project is highly controversial. The government's initial plan was to construct three plants with a total capacity of 5,000 MW but this had to be scaled back.
In 2007, Turkey had 40,835 MW of electricity generating capacity. An historical summary of installed capacity and electricity generation in Turkey is shown in Figure 1 . As can be seen in the graph, electricity generation in Turkey has more than quadrupled over the last two decades. In 2007, total net electricity production of Turkey has reached about 183.3 terawatthours (TWh), 81% of this is produced from thermal power plants, 18.7% from hydro power plants and the remainder 0.3% from other renewable sources. Turkish electricity generation is mainly derived from natural gas, hydro and coal sources (see Figure 2 and 3). Electricity demand in Turkey is growing rapidly, with the rate of increase of 7.8% on average for the last three decades [2]. According to official electricity demand projections given in Figure 4 , Turkey needs to almost double its electricity output, to around 350 TWh, by 2018 [5] . 
Hydropower in Turkey
The gross and technical hydropower potential of Turkey are estimated at 433 and 216
TWh/year respectively. The economic potentials for installed hydropower capacity and electricity output have been anticipated roughly as 45,000 MW and 140 TWh/year respectively ( Table 2 and Table 4 ). The gross hydroelectric potential of Turkey is about 1% of the world total and about 14% of the European total [3] .
In Turkey, hydro projects were initiated by the Ministry of Public Works in the early 1930s. Table 4 . Hydropower plants in operation have an installed capacity of 13,700 MW with an annual average generation of 48,000 GWh. Only 34% of the economically utilizable hydro potential has been developed in Turkey. Besides, 78% of the total hydro capacity in operation has been developed by DSI, corresponding to 10,700 MW (57 hydro plants) of installed capacity. Table 5 lists hydropower plants in operation with a capacity of more than 100 MW in Turkey. As can be seen in Table   5 , the most important rivers for hydropower development are Euphrates and Tigris, both of which are trans-boundary rivers originating in Turkey and discharging into the Persian Gulf.
Euphrates and Tigris represent over 28% of the country's water supply by rivers and the economically irrigable areas in the region make up 20% of the total in Turkey. In 1977, these two basin projects were given a single title, namely the Southeastern Anatolia Project (GAP in Turkish initials). Thirteen projects were prepared to develop the rich water resources of Euphrates and Tigris for irrigation and power generation. Seven of these projects are in the basin of the Euphrates and six in that of the Tigris. These projects envisage the construction of 22 dams and 19 power plants, generation of 27 TWh of electricity per year over an installed capacity of 7,485 megawatts (MW), and irrigation that will cover 1.7 million hectares of land [6] . have lower operational costs than thermal options. The high initial cost is a serious barrier for its growth. Table 6 presents a comparison of costs of power plants in Turkey [7] . As seen in 
Advantages and disadvantages of hydropower development
As discussed in previous section, the main drawback of hydropower is its initial capital cost.
Additionally Unlike fossil fuels, hydro resources are widely spread around the world. Potential exists in about 150 countries, and about 65% of the economically feasible potential remains to be developed (see Table 1 and 2). Compared to fossil fuels, Turkey is very rich in terms of hydro potential. Besides, hydropower is a proven and well advanced technology with modern power plants providing the most efficient energy conversion process (>90%), which is also an important environmental benefit. Thanks to its fast response time, hydropower plants can be used as peak load. Moreover, it has the lowest operating costs and longest plant life compared with other large scale generating options. Typically a hydro plant may operate up to 40-50 years and this period may be doubled with investment. Moreover, "fuel" of hydropower plants (i.e. water) is renewable, and is not subject to fluctuations in market. Hydro also represents energy independence for many countries.
With growing concern over greenhouse gas emissions and increased demand for electricity, hydropower becomes a key component in energy policies of countries with abundant water sources. Hydropower facilities offer a range of additional benefits. Many dams are used to control flooding, regulate water supply, irrigate land and prevent erosion, and reservoirs provide lakes for recreational purposes.
Actually, in practice, no form of energy production is completely free of effects on the environment. Renewable energy sources have also negative environmental effects even if they are called as green energy. However, these negative effects cannot be compared to those of fossil energy sources. Hydropower plays a major role in reducing greenhouse gas emissions in terms of avoided generation by fossil fuels. Hydro has a relatively small source of atmospheric emissions compared with fossil-fired generating options. Hydropower also avoids the substantial impact of particulate emissions (e.g. ash). Similarly, hydropower production does not create hazardous or radioactive wastes that require safe long-term storage facilities. Many other environmental impacts associated with the overall fuel cycles of other energy sources are minor or nonexistent for hydroelectric power. These include impacts associated with resource extraction (e.g., coal mining, oil drilling), fuel preparation (e.g., refining), and transportation (e.g., oil spills, other accidents).
Although hydropower development on the global scale seems a relatively clean alternative to power produced through fossil fuels, on the local scale (i.e., the river system) the ecological impacts of hydro-power can be significant. The dam and reservoir, which most hydroelectric power facilities require, significantly alter the aquatic habitat and the species present. For instance, a dam may typically hinder migrating fish species in their spawning activities and cause water quality problems. meanwhile is supposed to privatize generation assets (including hydro sources) -which account for some 57.3% of total generating capacity (currently owned by public generation company, EUAS) -and make the transmission network available to all comers (see Table 7 ) [8] . Distribution is also to be privatized. Households and small commercial users currently purchase their electricity from public distribution company TEDAS (except in three regions where distribution is in the hands of private distribution monopolies). Distribution activities in all regions are envisaged to be operated by private distributors in the future. In preparation for the envisaged open market, the public generation and transmission company, TEAS, has been divided into three companies: EUAS, to manage the generation capacity that remains in public domain; TEIAS, to handle transmission; and TETAS, to carry out electricity wholesale trade until this function is taken over entirely by the market. reservoir area of 5.9 km 2 and 79 MW of installed capacity currently lies within the framework of Law No. 5346 [9] . Different definitions create a conflict between Turkey and EU. In European Union, many member states limit the installed capacity of SHPs. Table 8 lists government support for electricity generation for SHPs in some European countries [10] . • Entities applying for licenses for construction of facilities based on domestic natural resources and renewable energy resources shall pay only 1% of the total licensing fee.
Evaluation of Turkish hydropower policy
• The generation facilities based on renewable energy resources shall not pay annual license fees for the first 8 years following the facility completion date indicated on their respective licenses.
• Turkish Electricity Transmission Company (TEIAS) and/or distribution companies shall assign priority for system connection of generation facilities based on domestic natural resources and renewable resources.
The aim of the Law on Utilization of Renewable Energy Resources for the Purpose of Generating Electrical Energy is to increase the use of renewable energy sources for generating electricity, as well as to diversify energy resources, reduce greenhouse gas emissions, assess waste products, protect the environment, and develop the necessary manufacturing sector for realizing these objectives. Specific incentives introduced in the law that are applicable to the use of hydropower include [12] : renewable energy up to a capacity of 500 kW. By this law, government also guarantees to buy the excess electricity. It can be expected that this law also will give rise to an increase in installation of mini and micro-hydropower plants in coming years [9] .
In order to closely monitor the impact of hydropower plants on natural environment, the owners of hydro plants are required to comply with the requirements of Water Usage Rights Act signed between the company and DSI. According to this act, the facility should maintain a minimum flow (also defined as environmental flow) determined by DSI in the river that is adequate for the existing fish population, wildlife and water quality taking seasonal fluctuations in flow levels into account. However, there is not a standard for the determination of the environmental flow in Turkey. The facility is also required not to contribute to deterioration of water quality either upstream or downstream of the facility. Although construction of fish passages is obligatory in most of European countries, there is no such obligation for SHP projects in Turkey. This may cause loss of fish and/or fish habitat in the project area.
To sum up, currently there is no incentive mechanism in Turkey to support the development of hydropower plants, apart from those having a reservoir area less than 15 km 2 . This policy of no-action prevents the development of 50% of Turkey's economically feasible hydro sources and has resulted in a sharp decline in hydropower's contribution to country's overall electricity production from 40% in 1997 to 19% in 2007.
Policy suggestions and conclusion
As discussed in previous sections, Turkey has significant hydro power potential making it the second richest country after Norway in Europe. However, currently only 35% of the estimated economical potential is utilized. Hence, there is much to be done for the utilization of remaining hydropower potential. Turkey is an energy-importing country and meets 82% of its energy needs from foreign sources (see Table 3 ). In order to be less dependent on other countries, Turkey needs to use its hydro sources. From this point of view, hydropower is an attractive choice, since it is economical, sustainable, environmental friendly and a domestic energy source in Turkey.
Furthermore, Turkey has several advantages for the use of hydro energy in terms of its location and geographic characteristics. However, today, in Turkey the utilization of hydropower is well below the expected rates mainly due to bureaucratic and economic barriers, insufficient legislative and regulatory framework and poor infrastructure. The private sector, which has the capacity to mobilize needed funds, must be motivated to participate in hydropower development. The process of liberalization, restructuring, and privatization in the Turkish energy sector 2 is also vital; which will assist in creating a favorable environment for investment in hydro energy. Hydro sources in Turkey represent a secure domestic source of energy that is not subject to price fluctuations and supply uncertainties of imported petroleum and natural gas. Future supply of hydropower energy depends on energy prices and technical progress, both of which are driven by energy policy priorities.
Another important barrier preventing widespread use of hydropower in Turkey is the lack of a coherent national energy plan in which the role of hydro sources is explained. Therefore, first of all, Turkey must develop and publicize a rational and coherent energy policy and an action plan; stating short, middle and long term aims, actions and reasons that justify them. Then, the specific place of hydro sources in the overall energy politics of Turkey should be defined.
What's more, a kind of effective "High Energy Council" must be set up to provide a higher level of coordination and cooperation within and between institutions, agencies, institutes, and other stakeholders.
On 5 February 2009, Turkish Parliament ratified an agreement to sign the Kyoto Protocol.
Actually, signing the Kyoto Protocol does not put an additional burden on Turkey until 2012.
Turkey was not a party to the convention adopted in 1992 when the Kyoto Protocol was negotiated, and it is not currently included in the agreement's Annex-B, which includes 39 countries that are obliged to reduce their greenhouse emissions to 1990 levels between 2008 and 2012. However Turkey will face with an extremely disadvantageous position after 2012 unless it starts to take some measures to reduce its GHG emissions by increasing hydropower utilization Finally, although the immediate priority of Turkey should be to speed up the transition process from non-renewable, imported fossil fuels to renewable, domestic energy sources; policy makers should be aware of the fact that even if major efforts were made to develop all domestic sources (especially coal and hydro), they still will not be able to meet the rapidly increasing electricity demand in Turkey in the coming decades. Therefore, policy makers should seriously consider some other alternative energy sources, including nuclear power 3 .
